Patients with uncomplicated falciparum or vivax malaria usually present with acute febrile illness and thrombocytopenia similar to dengue infection. We retrospectively studied atypical lymphocytes (AL) and atypical lymphocytosis (ALO, defined as AL . 5% of total white blood cells) in 1310 uncomplicated malaria patients. In 718 falciparum malaria patients, AL and ALO on day 0 were found in 53.2% and 5.7% of the patients, respectively, with median AL on admission of 1% (range 0%-10%), whereas in 592 vivax malaria patients, AL and ALO on day 0 were found in 55.4% and 9.5% of the patients, respectively, with median AL on admission of 1% (range 0%-14%). After antimalarial treatment, AL and ALO declined in both falciparum and vivax malaria. However, AL and ALO remained in falciparum malaria on days 7, 14, and 21, whereas AL and ALO remained in vivax malaria on days 7, 14, 21, and 28. In both falciparum and vivax malaria patients, there was a positive correlation between AL and total lymphocytes, but a negative correlation between AL and highest fever on admission, white blood cells, and neutrophils, eosinophils, and platelets (P , 0.05). In conclusion, AL or ALO may be found in uncomplicated falciparum and vivax malaria mimicking dengue infection. In tropical countries where both dengue and malaria are endemic, presence of AL or ALO in any acute febrile patients with thrombocytopenia (similar to the findings in dengue) malaria could not be excluded. Particularly if the patients have risk of malaria infection, confirmative microscopic examination for malaria should be carried out.
Introduction
Atypical lymphocytes (AL) reactive or variant lymphocytes or transformed lymphocytes or virocytes is a nonmalignant leukocyte seen in the peripheral blood. These are reactive lymphocytes of lymphoid origin and are produced in a variety of disorders usually associated with many viral infections, eg, dengue, infectious mononucleosis. 1 AL generally shows the different stages of immune responsiveness of B and T lymphocytes in the peripheral blood and immune system. AL also associates with a variety of nonviral infections, eg, tuberculosis, mycoplasma pneumonia. 1 Dengue infection is endemic in tropical countries. Thailand is one of the endemic countries where dengue infection accounts for 5.7%-10.7% of total acute febrile illness cases. 2, 3 Febrile illness in dengue infection has nonspecific symptoms, and in complete blood count, dengue infection usually shows AL (normal range 0%-5% of total white blood cells (WBC) in blood) or atypical lymphocytosis (ALO) (with AL . 5% of total WBC). [4] [5] [6] [7] Oliveira et al (2009) have shown that the main hematological findings in dengue included leucopenia (68.3%), thrombocytopenia (66.5%), lymphocytopenia submit your manuscript | www.dovepress.com
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Wilairatana et al (67.2%), and AL (67%). In dengue endemic area, acute febrile patients presenting with thrombocytopenia and AL were frequently diagnosed as having dengue infection before definitive diagnosis by serology or antigen were confirmed. 7 At present, supportive and symptomatic treatment, eg, hydration or platelet transfusion in those patients with systemic bleeding, is the main treatment for dengue infection.
Many malaria patients can present with nonspecific symptoms and similar complete blood count findings, eg, thrombocytopenia, which is the same picture as in dengue infection. We believe that the presence of AL may also be an important laboratory clue for diagnosis of some nonviral diseases such as malaria. Unfortunately, complete blood count by automated cell counters (or automated machines) cannot detect malaria parasites.
Some reports have shown that AL can also be found in falciparum and vivax malaria infections which range from 0% to 100%. [9] [10] [11] [12] [13] [14] These can cause unaware clinicians to misdiagnose malaria as dengue infection, particularly in a dengue-endemic area, patients present with nonspecific symptoms and a complete blood count show thrombocytopenia with AL or ALO and a microscopic blood examination for malaria has not been carried out. However, there was no study of the prevalence of AL in Thai malaria patients or of dynamic change of AL in malaria after antimalarial treatment.
As a consequence, similar complete blood counts and not conducting microscopic blood examination to look for malaria parasites, which results in delayed treatment of patients with uncomplicated malaria, can lead to severe malaria or even death. In Thailand, many severe malaria patients were previously misdiagnosed and treated for dengue infection. We believe that AL, ALO, and their correlation can be useful in diagnosis and treatment of malaria and dengue infection.
The objectives of the study were to (i) find the prevalence of AL and ALO in uncomplicated Plasmodium falciparum and Plasmodium vivax malaria, (ii) investigate dynamic changes in AL, and (iii) find the correlation of AL with other clinical and laboratory parameters.
Material and methods study site and recruitment procedure
The medical records of 1310 adult inpatients with uncomplicated P. falciparum or P. vivax malaria were reviewed retrospectively. Each patient (i) had been admitted to the Hospital for Tropical Diseases, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand, for at least 28 days, for the treatment of acute uncomplicated P. falciparum or P. vivax malaria between January 2000 and December 2006, either males or females, body weight $35 kg, age $15 years; (ii) was positive for asexual forms of either P. falciparum or P. vivax parasites on admission, before treatment, with microscopic confirmation; (iii) was treated with artesunate plus mefloquine for uncomplicated P. falciparum or artesunate followed by primaquine for P. vivax malaria infection; (iv) had no history of antimalarial therapy preadmission for 3 months; (v) had P. falciparum or P. vivax cleared from peripheral blood with therapy and had no parasite reappearance during 28 days of admission in the hospital. There were 194 P. falciparum malaria cases in this study having dengue serologic tests. 15 Exclusion criteria included patients (i) who had been given blood transfusion during the study period; (ii) with evidence of Plasmodium ovale, Plasmodium malariae, or mixed malaria infection; (iii) with evidence of severe malaria during treatment for uncomplicated malaria; 13 (iv) with clinical evidence of severe malnutrition or clinically significant disorder; (v) who received treatment with antibiotics, corticosteroids, platelet-lowering agents, or immunosuppressive drugs; (vi) and with lactation or pregnancy. Of 1310 malaria patients matching the inclusion criteria, 718 had uncomplicated P. falciparum malaria and 592 uncomplicated P. vivax infection. The study was approved by the Ethics Committee, Faculty of Tropical Medicine, Mahidol University, Thailand.
Baseline and follow-up studies
Age, gender, history of malaria in the past year, initial highest fever and duration of fever preadmission, and initial parasite count were recorded. Baseline and follow-up laboratory data, eg, complete blood count, were determined by automated cell counter (Advia 120 Hematology System; Siemens Medical Solutions Diagnostics; New York, NY; commercial reagent by Roche Diagnostics, Bangkok, Thailand). WBC counts including AL were manually checked again microscopically. Thick and thin blood films for malaria parasite determinations were prepared from fingerprick blood samples and stained with Giemsa. Peripheral blood malaria parasite count of asexual P. falciparum or P. vivax was routinely calculated by counting the number of asexual forms per 200 WBC on thick smears and multiplying by WBC count or by counting the number of asexual forms per 1000 erythrocytes on thin smears and multiplying by the red blood cell count. Parasite density counts were conducted every 6 h until disappearance of malaria parasite from peripheral blood, and then blood films were conducted once daily until day 28 of admission. Blood smears were considered negative if no parasites were seen in 200 oil-immersion microscopic fields. Parasite clearance time submit your manuscript | www.dovepress.com
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Atypical lymphocytes in malaria (PCT) was defined as the period from the start of treatment until the first negative blood film.
Throughout this time, WBC counts were collected for these patients every 7 days during the study period, starting from the first day of examination and then on days 7, 14, 21, and 28. ALO was considered when AL was found .5% of total WBC in circulation.
Physical examination was performed by the research physician every day, and vital signs, including blood pressure (mmHg), heart rate (beats/min), respiratory rate (breaths/min), and body temperature (°C), were measured every 4 h by the research nurse until the patients were discharged from the hospital. Fever clearance time (FCT) was taken as the period from the start of treatment until oral temperature decreased to 37.5°C and remained below this temperature for the next 48 h.
Treatment
Upon admission, the patients received the following treatments: 
statistical analysis
All P values reported were from two-tailed test, and statistical significance was set at 0.05. The Kolmogorov-Smirnov test was used to test for normality, but the data distributions generally did not exhibit normality. Therefore, the data were expressed as medians (with ranges) and number of observations with percentage (%). Three statistical tests were performed: (i) the Chi-square test was used to test for any association between qualitative variables, (ii) the Mann-Whitney U test was used to test for differences between quantitative variables and the relationships among WBC counts, parasite densities, age, highest temperature during the first 72 h of admission, and (iii) reported days of fever preadmission were analyzed using Spearman's rank correlation coefficient.
Results
Patient characteristics
Our sample consisted of a total of 1310 patients, 718 of whom were infected with P. falciparum and 592 with P. vivax. Around 5% were lost to follow-up by withdrawing consent or due to social reasons unrelated to adverse effects. The data obtained for such patients, before loss to follow-up, were included in analysis. Patient characteristics are shown in Table 1 . There was a statistically significant difference (P = 0.017) between the age distributions of the two groups. Nevertheless, the median age for the P. falciparum group was only 2 years more than the P. vivax group; the oldest patient in the P. falciparum group was 65 years and the one in the P. vivax group was 61. Clinically or biologically, these differences were unlikely to be significant. There were statistically significant differences (P , 0.001) between gender, malarial parasite density, and highest temperature on admission of the two patient groups.
Atypical lymphocytes and atypical lymphocytosis Falciparum malaria
In 718 falciparum malaria patients, AL was found in 381 cases (53.1%) on day 0 of admission (Table 2 ). ALO was found in 51 patients (7.1%) out of 718 patients. Out of 381 patients with AL, the median AL on days 0, 7, 14, 21, and 28 of admission were 3%, 2%, 2%, 2%, and 1%, respectively, with the range being 1%-17%. ALO was also found on days 7, 14, and 21 in 16 (2.2%), 10 (1.4%), and 2 (0.8%) of falciparum malaria patients, respectively; however, ALO was not found on day 28. Figure 1 showed dynamic change of AL in all falciparum malaria patients. AL and ALO declined after antimalarial treatment. Platelets increased in number after treatment, and all patients had normal platelet counts by day 7 of treatment. Hematocrit showed slight increase from 37% on day 0 to 39% and 40% on day 21 and 28 of admission, respectively. FCT was 24 h.
Vivax malaria
In 592 vivax malaria patients, AL was found in 328 cases (55.4%) on day 0 of admission (Table 3 ). ALO was found in 56 patients (9.5%) out of 592 patients. Out of 592 patients with AL, the median AL on days 0, 7, 14, 21, and 28 of admission were 3%, 2%, 2%, 2%, and 1%, respectively, with the range being 1%-14%. ALO was also found on days 7, 14, 21, and 28 in 13 (2.2%), 4 (0.7%), 4 (0.7%), and 2 (0.3%) of vivax malaria patients, respectively. Figure 2 showed dynamic change of AL in all vivax malaria patients. AL and ALO declined after antimalarial treatment. Platelets increased in number after treatment, and all patients had normal platelet counts by day 7 of treatment. Hematocrit showed gradual increase from 37% on day 0 to 38% and 40% on day 21 and 28 of admission, respectively. FCT was 12 h. In both falciparum and vivax malaria patients, there was positive correlation between AL and total lymphocytes but negative correlation between AL and highest fever on admission, WBC, and neutrophils, eosinophils, and platelets (P , 0.05).
Discussion
Dengue infection was the third cause, after leptospirosis and scrub typhus, of acute undifferentiated, febrile illness in the absence of an obvious focus of infection in rural Thailand. 3 Concurrent dengue and malaria infection can be found and varies in different regions. Although most malaria patients in this study had not undergone serological tests for dengue infection, only 194 (15%) of all 1310 patients in this study were serologically tested for dengue, and no positive serological diagnosis of dengue was demonstrated as co-infection in the malaria patients. 15 Co-infection might be absent or uncommon in our AL study. Failure to send the serum of all the submit your manuscript | www.dovepress.com
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Atypical lymphocytes in malaria patients for dengue serologic tests was the flaw of the study. However, 194 malaria patients were a rather big sample. If malaria-dengue co-infection was common, serological test for dengue infection should be found positive at least in one or some of the 194 patients. However, dengue infection was common in some countries, eg, Pakistan, showing dual dengue and malaria in 23.2% of the acute febrile patients. 16 One possibility why malaria-dengue co-infection is uncommon in Thailand where malaria and dengue are endemic is because Anopheles mosquitoes, vectors for malaria, breed 
Dovepress
and are found in forested areas, whereas Aedes aegypti mosquitoes, vectors for dengue, breed and are found mostly in urban areas. This different distribution in disease vectors could answer why we uncommonly found malaria-dengue co-infection.
In falciparum malaria, on day 0, AL and ALO were found in 53.2% and 5.7% of the patients, respectively. The highest percentage of AL on day 0 was 10%, which was found in only 0.8% of the patients. AL and ALO were also observed on days 7 and 14. On day 28, AL was found in 11.4% of the patients; however, no ALO was demonstrated. In vivax malaria, on day 0, AL and ALO were found in 55.4% and 9.1% of the patients, respectively. The highest percentage of AL on day 0 was 14%, which was found in only 0.3% of the patients. AL and ALO were also observed on days 7, 14, and 28. On day 28, AL and ALO were found in 5.7% and 0.3% of the patients, respectively.
As shown in Figures 1 and 2 , AL in both falciparum and vivax malaria tended to decline after antimalarial treatment. Platelet counts tended to increase in number after antimalarial treatment. Hematocrit gradually increased in convalescence.
The sudden rise of hematocrit or hemoconcentration (defined as 20% increase in hematocrit as the evidence of plasma leakage), typically found in dengue hemorrhagic fever, was not found in our study. 17 Thisyakorn et al found that the percentage of AL in dengue hemorrhagic fever was ,5% 2 days before onset of subsidence of fever or shock and that there was significant rise of AL (with mean 26% ± 12%) in both shock and non-shock dengue hemorrhagic fever patients. 5 This study showed that AL and ALO could be found in malaria patients up to day 28 after proper antimalarial treatment. Although many literatures studied outside Thailand showed that patients with malaria and dengue could present with similar findings, eg, acute febrile illness, complete blood count showing thrombocytopenia, and increase in AL and/ or ALO, many clinicians particularly in Thailand were not aware of these issues and thought that any acute febrile patient with thrombocytopenia, AL, or ALO had dengue infection. Another important issue is that the automated machine available in many hospitals used for determining the CBC count cannot detect malaria. Therefore, if clinicians do not think to ask the patients for their travel history in malaria endemic For personal use only. 
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Atypical lymphocytes in malaria areas, or do not request for a malaria test to be done at the laboratory, nearly all malaria patients will be misdiagnosed as having dengue, resulting in delays in diagnosis and treatment of malaria, which can contribute to patients developing from uncomplicated malaria to severe malaria or even a more fatal outcome. There was no previous documented report that antimalarial drugs used in this study can cause change in AL counts. Apart from malaria, we did not do other laboratory tests to confirm infectious and noninfectious causes which could cause AL or ALO, eg, tuberculosis, post irradiation, thyrotoxicosis, rheumatoid arthritis, myasthenia gravis, 1 since there was no clue from history, and no obvious clinical manifestations that suggested those diagnoses.
Conclusion
AL could be found in patients infected with both falciparum and vivax malaria even after treatment up to 28 days after proper antimalarial treatment. AL gradually decreased after treatment, and platelet counts gradually increased in both falciparum and vivax malaria patients. Fever, thrombocytopenia, AL, or ALO do not mean only dengue infection; malaria should be in differential diagnosis of acute febrile patients present with thrombocytopenia and AL or ALO, especially in tropical countries where dengue and malaria are endemic. Early diagnosis and prompt appropriate treatment of malaria will reduce morbidity and mortality of the patients.
